AD-A081 8%5 AEROSPACE MEDICAL RESEARCH LAB _WRIGHT<PATTERSON AFB OH . 1/2 
USAF BIOENVIRONMENTAL NOISE DATA HANDBOOK. VOLUME 124, Fe108b Ranere(U) 
: ave 79 R G6 POWELL 
UNCLASSIFIED AMRL-TR=75-S0-VOL=125 


- cc RuREEREEEE 
al 
AoBisae 


Nie the 


‘1 


2 ow peer ae 


SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) 
READ INSTRUCTIONS 
REPORT DOCUMENTATION PAGE See ON 
A me 3. RECIPIENT'S CATALOG NUMBER 


5. TYPE OF REPORT & PERIOD COVERED 


RORT NUMEER.——-—-- 


BI0 NVIRONMENTAL NOISE TA 
BOOK~e»pF-104D Aircraft, Near and 
d{Noisese 


Volume 124 of a Series 
PERFORMING ORG. REPORT NUMBER 


D 
far-Fiel 


ao! go 4 


7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s) 
oe Re pie 


| IDO, 78 
! 
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10, chee kM ELEMENT, Ne TASK 


«K UNIT NUMBE 
Aerospace Medical Research Laboratory Ib 7231407-03 
Aerospace Medical Division, Air Force 62202 723T308-07 
Systems Command, Wright-Patterson AFB OH Z 


11, CONTROLLING OFFICE NAME AND ADDRESS at REPORT DATE 
11) avgedtiname7 9 
ar. GEMEROF PAGES 
L. f 88 


18. SECURITY CLASS. (of this report) 


Robert ¢./ Powell 


“ 
Same as above “8 é 7 


\ 


4. MONITORING AGENCY NAME & AOORESS(if different from Controlling Office) 


4 )Texvhnt Sol peshs 


16. DISTRIBUTION STATEMENT (of this Report) 


Unclassified 


'Se. DECLASSI 
SCHEDUL 


JEICATION “DOWNGRADING 


Approved for public release; distribution unlimited. 


17. OISTRIBUTION STATEMENT (of the abstract entered in Block 20, tf different from Report) 


16. SUPPLEMENTARY NOTES 


ELECTE 
MAR 1 8 1980 3 


19. KEY WORDS (Continue on reverse side if necessary and identify by block number) 


Noise F-104D Aircraft 
Noise Environments 

Bioenvironmental Noise 

Aircraft 


20 ABSTRACT (Continue on reverse side if necessaty and identify by block number) 
The USAF F-104D is a day/night fighter powered by a J79-GE-7/A 
turbojet engine. This report provides measured and extrapolated 
data defining the bioacoustic environments produced by this air- 
craft operating on a concrete runup pad for three engine/power 
configurations. Near-field data are reported for sixteen locatinns 
in a wide variety of physical and psychoacoustic measures: 
overall and band sound pressure levels, C-weighted and A-weighted 


OD ens 1473 Eo tion oF | Nov 6518 OBSOLETE 


a 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


0097989 


Lk 


v 
sound levels, preferred speech interference level, perceived noise 
level, and limiting times for total daily exposure of personnel 
with and without standard Air Force ear protectors. Far-field 
data measured at 19 locations are normalized to standard meteor- 
ological conditions and extrapolated from 75~8000 meters to 
derive sets of equal-value contours for these same seven acoustic 
measures as functions of angle and distances from the source. 
Refer to Volume 1 of this handbook, "USAF Bioenvironmental Noise 
Data Handbook, Vol 1: Organization, Content and Application", 
AMRL-TR-75-50(1) 1975, for discussion of the objective and design 
of the handbook, the types of data presented, measurement pro- 
cedures, instrumentation, data processing definitions of 
quantities, symbols, equations, applications, limitations, etc. 


de ne 
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 


PREFACE 


This report was prepared by the Biodynamic Environment Branch, Aerospace Medical Research Labo- 
ratory, under Project/Task 723107, Technology to Define and Assess Environmental Quality of Noise 
from AF Operations and 723108 Crew Safety in Operational Noise Environments. 


The author gratefully acknowledges Mr. John Cole for his assistance in preparing this report, Col Just- 
us Rose and Mr. Robert England for their assitance in acquiring the raw data, Mr. Keith Kettler, Mr. 
Henry Mohlman and Mr. Fred Lampley of the University of Dayton for assistance in the mechanics of 
data processing, and Mrs. Peggy Massie for assistance in typing and preparation of the graphics. 


Butt Section 1) 
YNANNOUNCED a 
JUSTIFICATION 


one SR ae oe 


La PRE RR LT Ree TEN 2 Me nea ra eee eer @ eer 


¥ 


Table of Contents 


Page 
INTRODUCTION? oiiieg 50 bg bebe Soto oes eMedia BSS ss Hare Sa aed eae sable oAAe UNG ew Wage ee baa 3 
NEAR-FIELD: NOISE #33355.5, 6.03.36 Bk Seis Be eek TSA tie eh OS ho BA ta a tee PRs 4 
FAR-FIELD‘NOISE 6.355 22003 Biokidc caha be sicily FAS Oa dha eae RO WERE Haale eae see 7 
List of Tables 
NEAR-FIELD NOISE 

1. Measurement Locations and Test Conditions ............ 0.0 .c cece cece eee eee tee ences 6 

2. Measured Sound Pressure Level 
173: Octave: Band) i235 60 54.e sacks casing bid wea b aee Ms Avie Ok eg ie a SERNA as hoataleabew ne 10-11 
Octave: Band: xo vernal Seek eee hele eaten oe shiv ts aR eee ip Sen eb EERIE dat 12-13 
3. Measures of Human Noise Exposure .............. 0.00 cece eee c ete e ee een erence en eneas 14-15 


5. Measured Sound Pressure Level ............0. 0c cece cece cece ete e tent ne etn teen eens 17-19 
6. -Directivity Index. 2...23.c.c 6.55. Sy yeh wie he wleiedn soe Douees Bas sWeeue win wee oa Ooh He Eas 26-26 
List of Figures 
NEAR-FIELD NOISE 
1. Measurement Locations ...........0.0. 000 ccc cece ccc ence erent e nee e een teeaee 5 
FAR-FIELD NOISE 
2. (a and b) Measurement Locations ...........6.. 0.0. c cece cece ene t nen een teen enna 8 
3. Normalized Far-Field Noise Levels .............. 0.000 cece cece scene ene nett en eens 20-22 
4. Acoustic Power Level ........... ccc cece cee teense c abet ens eaee een eeseteneteneeeenuas 23-25 
5. Overall Sound Pressure Level — Contours ......... 000.0 cece cence e ete eet neenees 29-31 
6. C-Weighted Sound Level — Contours ............ 0.00 c cece cece cette eset e en teneae 32-34 
7. A-Weighted Sound Level — Contours ............0. 0.0 e cece cece tenet ent ees 35-37 
8. Perceived Noise Level — Contours ...........0 000 ccc cece cece cern e nee ntbeen ten eas 38-40 
9. Speech Interference Level — Contours .........000 00.0 c cece ccc rte eee een teen teens 41-43 
10. Permissible Exposure Time — Contours ............. 0000 c cece tte nee teen ens 44-57 
11. Octave Band Sound Pressure Level — Contours ...............0. 00 0c cece eee ene nee es 58-84 


INTRODUCTION 


The USAF F-104D is a day/night fighter aircraft powered by a J79-GE-7/A turbojet. The aircraft was 
manufactured by the Lockheed Aircraft Corporation and the engine by the General Electric Company. 


This volume provides measured and extrapolated data defining bioacoustic environments produced by 
this aircraft during ground runup operations. Such data are essential to evaluate ear protection require- 
ments, limiting personnel exposure times, voice communication capabilities, and annoyance problems 
associated with ground runups of the F-104D aircraft. 


This volume is one of a series published by the Aerospace Medical Research Laboratory (AMRL) under 
the same report number (AMRL-TR-75-50) as a multi-volume handbook that quantifies the noise envi- 
ronments produced at flight/ground crew locations and in surrounding communities by operations of 
Air Force aircraft and ground support equipment. The far-field, community-type, noise data in the hand- 
book describe the noise produced during ground operations of aircraft, ground support equipment, and 
other ground-based equipment or facilities. 


Volume | of this handbook discusses the objectives and design of the handbook, the types of data pre- 
sented, measurement procedures, instrumentation, data processing, definitions of quantities, symbols, 
equations, applications, limitations, etc. Volume 2 provides a method and data for adjusting the hand- 
book’s far-field noise data, which are for standard meteorological conditions (15%C temperature, 70% rel 
humidity, 0.760 meters Hg barometric pressure), to derive comparable data for other meteorological con- 
ditions. Refer to Volumes 1 and 2 (references 1 and 2) for such information because it is not repeated in 
other handbook volumes. 


A cumulative index lists those aerospace systems contained in the handbook, and identifies the specific 
volumes containing each type of environmental noise data available (i.e., inflight/flight crew and pas- 
senger noise, near-field/ground crew noise, far-field/community noise). Volume numbers are assigned 
sequentially as individual volumes are published. This index is periodically updated as individual vol- 
umes are published and is available upon request from AMRL/BBE, Wright-Patterson AFB, OH 45433. 
Organizations on the distribution list for the handbook will automatically receive a copy of each up- 
dated index. 


Direct any questions concerning the technical data in this report and other handbook volumes to: 
AMRL/BBE, Wright-Patterson AFB, OH 45433; AUTOVON 78-53675 or 78-53664; Commercial (513) 255- 
3675 or (513) 255-3664. 


1. Cole, John N., USAF Bioenvironmental Noise Data Handbook Volume 1: Organization, Content and Application, 
AMRL-TR-75-50 (1), Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, Ohio, 1975. 


2. Cole, John N., USAF Bioenvironmental Noise Data Handbook, Volume 2: Procedure to Evaluate Effects of Non- 
standard Meteorological Conditions on Far-Field Nvise, AMRUL-TR-75-50 (2), AMRL, WPAFB, OH, 1975. 
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NEAR-FIELD NOISE 


MEASUREMENTS 

AMRL acquired near-field noise data on the F-104D aircraft during ground runup operations of its tur- 
bojet engine. For these tests the aircraft was located on a concrete runup pad at Eglin AFB with no sig- 
nificant reflecting surfaces in the vicinity except the ground plane. Table 1 gives the surface mete- 
orological conditions and the seven engine/power conditions. The ground-crew chief selected power 


conditions and near-field locations generally used during routine maintenance or engine runup for pre- 
flight checks. 


At each near-field location a test engineer randomly moved a hand-held microphone in and around each 
location, probing all areas where a crew member’s head would normally be located. He recorded all the 
noise samples on magnetic tape. During analysis of each sample, he determined the octave band root- 
mean-square sound pressure using a -4 or 8-sound integration time to derive a power-averaged level for 
each location. 


Figure 1 shows the sixteen near-field locations where ground crews are usually located for maintenance 
and/or preflight checkout operations. Estimates of noise levels at other locations are difficult in the 
near-field since the noise source is spatially distributed i.e., not a point source. The noise levels at near- 
field locations can vary widely depending upon relative distances from each noise source (intake noise, 
exhaust noise, panel resonances, internal engine noise through the engine wall, etc). 


Table 1 lists the numeric/alphabetic designators used on the data pages in this report to identify the 
measurement locations and test conditions. For example, the designator 1/A means ground crew lo- 
cation | and test condition A. 


RESULTS 

The measured data presented in Table 2 define the sound pressure levels (SPL) produced by the F-104D 
aircraft at the sixteen ground crew locations. This table includes the overall, 1/3 octave band, and oc- 
tave band levels. From these data one can calculate the variety of measures given in Table 3, which are 
widely used to assess the effects of noise on personnel and their performance. 


All near-field data are for the meteorological conditions at the time of test but are valid for all typical 
airbase meteorology because of the short sound propagation distances involved. 
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Figure 1. Near-Field Measurement Locations at 
Trim Pad Eglin AFB FL 
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TABLE 1 


MEASUREMENT LOCATIONS AND TEST CONDITIONS 
FOR NEAR-FIELD NOISE MEASUREMENTS 


F-104D Aircraft, Ground Runup, Eglin AFB 
12 Aug 71 
Tail # 071323 


Ground Crew Location 


Operator MD-3M 
Operator MA-1A 
Air Hose Removal 
Crew Chief Ladder 
Leak Check 

Air Brake Check 
Flap Check 
Aileron Check 
Marshall 

Marshall 

LG Compartment Check 
Wheel Chock Pull 
Trim Personnel 
Trim Adjustment 
Trim Personnel 
Panel Check 
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Aircraft Engine Operation 


MD-3M Operating 

MD-3M and MA-1A Operating 

Idle Power, MD-3M and MA-IA Operating 
Idle Power 

80% RPM Power 

Military Power 

Afterburner Power 


Meterology 


Temperature 23.9 C 

Bar Pressure 0.769 M Hg 
Rel Humidity 90% 
Wind 


—Speed 3.1 M/Sec (6 Kt) 
—Direction 350 Deg 
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FAR-FIELD NOISE 


MEASUREMENTS 


AMRL acquired far-field data during two 1-hour test periods at Eglin AFB. Figure 2 shows the ground 
runup pads, ground cover, aircraft orientation and the microphone measurement sites on each semi- 
circle. The centers of the 50 and 75 meter radius semi-circles used in surveying the J79-GE-7/A engine 


were on the ground directly below the intersection of the aircraft’s centerline and the plane passing 
through the exhaust-nozzle’s exit. 


The ground runup pad (Hot Cargo Pad) used for the idle and military power measurements did not have 
a blast deflector, therefore, the jet exhaust was in a “free-flow” condition. However the trim pad used for 
the afterburner power measurements did have a blast deflector installed as part of the facility. In this 
case the aircraft was placed on a long tie-down cable so that the distance between the exhaust nozzle 
and the deflector was 52 meters. At this distance there was minimal interaction between the noise 
source and the blast deflector so that the afterburner noise measurements acquired at 50 meters were es- 
sentially in a “free-flow” condition and should be used as such. 


Table 4 provides cocpit readout of the engines RPM for each setting used in far-field tests. Also listed in 
this table are the surface meteorological conditions during data acquisition. 


All microphone measurement sites are in the acoustic far-field of the source where the sound wave 
fronts spherically diverge and the noise source may be regarded as a point source. 


Test personnel acquired far-field noise data at Eglin AFB by using a hand-held microphone (1.7 meters: 
5\% feet above the ground plane and pointed at the noise source. 0° incidence) and sequentially recording 
5-10 seconds of data at each far-field location on a portable microphone/tape recorder system. The sam- 
ples were then time-integrated to derive a root-mean-square sound pressure level. 


RESULTS 

Table 5 lists the overall and 1/3 octave band SPL measured at the far-field locations under mete- 
orological conditions at the time of the test. Data in all other figures and tables are based on these lev- 
els. These data were normalized to 100 meters distance and standard meteorological conditions (15°C 
temperature, 70%. relative humidity, 0.760 meter Hg barometric pressure) and used to derive the graphic 
data in Figure 3 which provides a compact summary of the far-field noise characteristics of the F-104D 
aircraft in a standard format. 


Figure 4 and Table 6 present two basic acoustic measures, the acoustic power levels and the directivity 
index, respectively. The acoustic power level describes the power radiated by the source as a function of 
frequency. The directivity index is a standard acoustical engineering measure that describes the geo- 
metric way in which the source radiates this power as a function of both frequency and angle from 
source. These basic source measures are primarily of interest for acoustical engineers and noise gener- 
ation/control specialists. 
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Figure 2(a). Far-Field Measurement Locations at the 
Hot Cargo Pad, Eglin AFB FL 
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Figure 2(b}. Far-Field Measurement Locations at Trim Pad 
Eglin AFB FL 
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Estimates of noise levels for intermediate power conditions (e.g., 88% engine RPM) can be determined as 
explained in Volume 1 of this handbook. 


Figures 5 through 11 are sets of equal noise contours describing seven different measures of noise as a 
function of angle and distance from the source for standard day meteorology. They are, respectively, 
overall sound pressure level, C-weighted sound level, A-weighted sound level, perceived noise level, 


speech interference level, permissible exposure times for personnel and octave band sound pressure 
levels, 


Data excessively influenced by spurious background/electronic noise were eliminated from ail figures 
and tables. No data are presented at the 180 degree location for the military power setting and at the 
170, and 180 degree locations for the afterburner power setting because of turbulent air flow behind the 
aircraft. Typically, the A-weighted levels for these angles are 10 to 20 dBA below the level measured at 
the preceding microphone location. 


Test personnel performed noise surveys during quiet periods when the background noise was minimal, 
e.g., early in the morning when no other aircraft or engine test stands were operating. Data eliminated 
because they were near the background/electronic noise were generally not significant because the lev- 
els were so low (e.g., Table 5 at idle power). 


Volume 2 of the handbook describes the influence of meteorology on far-field noise environments, and 
provides, if required, the factors necessary to adjust the handbook’s standard meteorological day data. 
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TABLE 4 


TEST CONDITIONS 
FOR FAR-FIELD NOISE MEASUREMENTS 


F-104D Aircraft, Ground Runups 
Eglin AFB FL, 2 August 1971, Tail # 071323 
Eglin AFB FL, 12 August 1971, Tail # 071323 


Aircraft Engine Operation 


Idle 67 ‘% RPM, Core Speed 
Military 100 % RPM, NC 
Afterburner 100 % RPM, NC 
Meteorology 
Idle and Military Temperature 27.8C 
Bar Pressure 0.761 M He 
Rel Humidity 73% 
Wind — Speed 2.6 M/SEC (5 KTS) 
— Direction 170 Deg 
Afterburner Temperature 23.9 C 
Bar Pressure 0.769 M Hg 
Rel Humidity 90 % 
Wind — Speed 3.1 M/SEC (6 KTS) 
— Direction 350 Deg 
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